(paper will be published in near future). In this paper, which is based on VILJANEN (1987, in Finnish) , theoretical calculations and fittings of the data are made in a more careful and thorough way, avoiding the shortcomings of previous works. In addition, more new physical interpretation is included while the method of the computation of the electric field from magnetic data is essentially the same as that used by PIRJOLA (1985) . The method of fitting the conductivity is new.
GIC measurements have been carried out mainly at one station, Huutokoski in central Finland (see Fig. 1 ). Hence, reliable statistics concerning the occurrence of GICs in the whole grid cannot be based on these measurements only. It should also be noted that a sunspot cycle (ca. 11 years) is the minimum time for statistical conclusions in connection with geomagnetic phenomena. Because the Finnish power grid has changed significantly during the Huutokoski measurements since 1977, no definite statistics based on GIC recordings can be made yet.
However, the existence of continuous geomagnetic data of a much longer time gives a possibility of estimating the occurrence of GICs by "converting" geomagnetic statistics to GIC statistics using a suitable model. have shown, the calculation of GICs is straightforward using the circuit theory after the electric field connected with a geomagnetic variation is known. Thus, the main problem in the calculation of GICs is the determination of the electric field, which is a geophysical task. In this paper we use the simplest model, based on the vertical plane wave assumption about the geomagnetic variation and the electric field in the earth, and on the description of the earth by a homogeneous half-space. Geomagnetic data collected at the Nurmijarvi Geophysical Observatory, situated in southern Finland, is used to determine the horizontal electric field.
As is well known, the plane wave model used in this paper is somewhat questionable near auroral latitudes. We, however, believe that definite qualitative, and at least partly quantitative, conclusions of the occurrence of GICs in the Finnish grid can be obtained even with the present model, as will be seen in Section 3. It should also be kept in mind that the plane wave model evidently overestimates GICs (ALBERTSON and VAN BAELEN, 1970 ).
An essential parameter in the model is the conductivity of the earth. To obtain reliable statistics, the conductivity is fitted in this paper to give the best agreement between the theoretical and measured GIC data at Huutokoski, and then used in the determination of GICs in the whole Finnish 400 kV power system. It appears that the conductivity has to be a function of the intensity of the geomagnetic disturbance, i.e., of the geomagnetic K-index (LINCOLN, 1967) . This is, of course, unphysical and states that the model is too rough and the conductivity has to be regarded as effective.
Method of Computation
The earth is described as a half-space with a constant conductivity of and the geomagnetic variation field propagates as a vertical plane wave in the earth. Let us use a Cartesian coordinate system in which the x-axis is directed to the north, y to the east and z downwards. Taking into account that geomagnetic phenomena are slow the electric field on the surface of the earth is (see CAGNIARD,1953; PIRJOLA, 1982, p. 23) ( Now it is easy to show that (1) gives a practical formula (4) where bn=Bn-Bn-1 and
In principle, M is infinite. However, analyses of several events showed that a sufficient accuracy (at least better than 5%) is usually achieved by setting M=720 . In other words, we take into account the magnetic variations in the 12 hour interval before the moment TN. PIRJOLA (1985) here used 29 hours, which is unnecessarily long in practice.
After the electric field (4) is known, GICs flowing in the Finnish 400 kV power system can be calculated. In our simple model GIC, which may be either the earthing current at a station or the current in a transmission line , is Figure 2 is a typical example of computed and measured values. The forms of the curves are qualitatively similar, but quantitative deviations are large at times. Consequently, the given conductivities are not necessarily very good if we consider a single event. Instead, we must have many events under statistical analysis. Now after the earth's effective conductivity is known, GICs in any part of the Finnish 400 kV power grid may be estimated based on equations given in Section 2. In Table 1 , theoretical GIC results are compared to measurements at Huutokoski in January 1, 1982 , to October 31, 1983 . We took here about 15 events for every K. We did not use exactly the same events in both columns, but this cannot cause a considerable error in practice. As expected, the possibility of high GICs increases with K. The annual duration of a particular GIC value also shown in Table 1 is easy to calculate after the average number of K -indices per year is known. Theoretical values for K=9 are overestimated on purpose in Table 1 . This is due to the fact that the GIC data of K=9 events is insufficient. Especially, we have no measurements of the largest magnetic storm on July 13-14, 1982. According to theoretical calculations, the GIC may have been as high as 400 A at Huutokoski then, corresponding to a horizontal electric field of 7.6 V/km. Theoretical values of this storm are not included in Table 1 . Since the determination of the earth's conductivity is based on the same GIC data that is also included in Table 1, the table  in fact only gives an idea of the accuracy of this determination.
Complete GIC statistics concerning the whole Finnish 400 kV grid are given by VILJANEN (1987) . "Huutokoski in 1982-83" is quite a typical station of the Finnish grid from the GIC point of view. GICs in transformers are normally lower than 100 A, but during magnetic storms (K=7,..., 9) they can reach 100 A for some minutes at some stations, especially at Pirttikoski (Fig. 3) . In a very great storm like that in July, 1982, GIC can even reach 700 A at Pirttikoski and some hundreds of amperes in many other transformers. Such an event statistically occurs at least once during each sunspot cycle. Currents in transmission lines are higher on average than the earthing currents, but in practice they are not harmful.
Conclusions
Theoretical estimation of geomagnetically-induced currents in a given network of conductors using geomagnetic recordings requires some model by which the electric field connected with a geomagnetic variation can be calculated. In this paper, which deals with the Finnish 400 kV power grid, the simplest model is used, in which the geomagnetic variation and the associated electric field constitute a vertical plane wave in the earth and the earth is a half-space with a constant conductivity. Shortcomings of this simple model are compensated by letting the earth's conductivity change with the intensity of the geomagnetic variation, i.e., with the K-index. This is, of course, unphysical but certainly makes the results much more reliable than those obtained using only one fixed value. Consequently, we have at least correct estimates of the orders of GIC magnitudes that are useful and important in the practical estimation of possible GIC inconveniences.
The exact dependence of the earth's conductivity on the K -index is obtained by comparing calculated GIC results to measured data, and it is found that the conductivity, which has to be regarded as effective "in a GIC sense", increases with K.
A geophysical interpretation of the increase of the conductivity as a function of the K -index is possibly the following: The plane wave model used in this paper gives an upper limit for the electric field and the line current model a lower limit when we study one Fourier component (ALBERTSON and VAN BAELEN,1970, see also Fig. 4) . Since the higher the conductivity the lower the electric field (cf. (1)), it seems that at large K-values the increase of the conductivity compensates an overestimation of the electric field caused by the use of the plane wave model.
It can thus be concluded that the largest K-indices are associated with welllocalized auroral currents and smaller K-values with broader current sheets. This conclusion is surprising, but it is, at least qualitatively, supported by figures presented by GRAFE (1983) who has studied several magnetic bay disturbances at auroral latitudes. In the figures the width of the electrojet current really seems to become smaller in many events when the disturbance becomes larger, although Grafe does not state this explicitly in his paper. On the other hand, the purpose of our paper is not to make definite conclusions about the complex auroral electrojet current system, and before they can be made much more data and studies would be needed.
Another physical reason for the growth of the conductivity with K is the complexity of the earth's conductivity: it varies both vertically and horizontally (JONES et al., 1983; HJELT et al., 1986 ). If we consider only one Fourier component of the electromagnetic field, we can describe the earth with one value of the conductivity which depends on the frequency (apparent conductivity). However, a detailed investigation of the geomagnetic spectrum for different K-values would be needed for definite conclusions.
As a result, our estimates are rough due to five main reasons: (a) The vertical plane wave assumption is not exactly valid near the auroral current system.
(b) The model for the conductivity of the earth in Finland is too simple.
(c) We can compare theoretical results to measurements only at Huutokoski, because of the lack of other GIC data. Of course, a more complicated geophysical model can be used to determine the electric field on the earth's surface. After that, the method presented in this paper for fitting the con ctivity can be used. If the dependence of the conductivity on Kindex vanishes then, one has obviously found rather a good geophysical model.
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